Objectives: To determine snacking trends and changes in nutrient contribution of snacking over time. 
ty of higher energy density foods that may be replacing nutrient-dense foods as culprits in the obesity problem. [4] [5] Descriptive studies have shown that snacking is currently an important component of the diet of Americans as measured by factors such as the snacking occasions per day and percent of snacks eaten outside the home. 6 Bigler-Doughton and Jenkins 7 reported that 80% of adolescents consumed snacks, and snacks made substantial contributions to adolescents' intakes of several key nutrients. Cross et al 8 found that <1% of children reported never snacking.
We examined trends in snacking behaviors among children aged 2 to 18 years over the past 20 years to show how behaviors have changed and the effects of these changes on nutritional intake of children.
METHODS

Survey Design and Sample
This study uses data on subjects aged 2 to 18 years from 3 nationally representative surveys of the US population. Of these 21,236 individuals, 12,231 participated in the 1977-78 Nationwide Food Consumption Survey (NFCS77), 4008 participated in the 1989-91 Continuing Survey of Food Intake by Individuals, and 4997 participated in the 1994-96 CSFII96. The United States Department of Agriculture surveys from 1977 and 1989 contain stratified area probability samples of noninstitutionalized US households
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Lisa Jahns, RD, Anna Maria Siega-Riz, RD, PhD, and Barry M. Popkin, PhD classified as overweight has grown from 8% to 14% for children and from 6% to 12% for adolescents between 1976 to 1980 and 1988 to 1994. 3 The consequences of childhood overweight include abnormal lipid profiles, type 2 diabetes, and greater risk for adult obesity and its related comorbidities. 1 Although major shifts in physical activity patterns are associated with the increase in obesity, shifts in dietary pattern might also influence this outcome. Public health researchers have pointed to shifts in dietary behaviors such as "supersizing" of the portions available in many restaurants and fast food outlets, the rapid increase in soft drink consumption, and increased availabili-in the 48 contiguous states and in all 50 states from 1994 to 1996. These surveys were self-weighting, multistage, stratified area samples of the US population. Detailed information on the methodology pertaining to each survey has been published previously. [9] [10] [11] [12] 
Dietary Data
The NFCS77 and CSFII89 surveys collected 1 day of intake by in-home, interviewer-administered, 24-hour recall and 2 additional days of selfadministered 1-day food records. The CSFII96 collected 2 nonconsecutive, interviewer-administered, 24-hour recalls. For children <12 years, information was obtained from the child's caregiver. For our purpose of studying snacking behavior over time, all the days of dietary intake have been included in this analysis.
Definition of a "Snack"
For each food item reported, the respondent (or proxy) was asked "About what time did you begin to eat (drink) the (food item)?" Next, the respondent was handed a card on which were printed various eating occasions (ie, breakfast, lunch, dinner, snack). The respondent was then asked "Looking at this card, please tell me what you would call this occasion?" This was repeated for each food item reported (the previous questions are verbatim from CSFII96; however, NFCS77 and CSFII89 asked similar questions). Therefore our data contain each food item a person consumed, along with the self-reported eating occasion and beginning eating time for each food item.
Because people often consume more than one food item when having a "snack," we chose not to consider each self-reported snack food item as a separate snack. We arbitrarily grouped the snack food items that had a beginning eating time within 15 minutes of the first snack food item reported as a discrete snack. Once foods were categorized by eating occasion (snacks vs non-snack meals), the gram weight of each snack and nutrients contributed by snacks and non-snacks (meals) was computed for each survey year by age group.
Statistical Analysis
For each survey year, the percentage of individuals who consumed at least one snack on the days covered was determined. Then for snackers, the mean numbers of snacks consumed, mean grams consumed per snack, and mean energy intake from snacks were computed for each survey year. The contribution of snacking to total energy in- 
RESULTS
Who Is Snacking?
The prevalence of snackers among children increased over all ages from 77% to 91% during the years covered. The changes in the percent of snackers, overall and within age groups, were minimal or nonexistent between 1977 and 1989; most of the increase occurred between 1989 and 1996 (Fig 1) .
The percent of children consuming snacks by sociodemographic characteristics in 1996 is shown in Table I . For each sociodemographic characteristic except Hispanic ethnicity, the oldest children had the lowest proportion of snackers. Slightly more boys than girls snacked, and a greater proportion of Hispanic and white children snacked than black children in all age groups. A higher proportion of snackers was found at the higher income and education levels than at the lower levels.
Behavioral Changes in Snacking Habits
The most significant change in snacking behavior was the greater number of snacking occasions per day, not in the amount of energy consumed per snack. Contribution of daily calories by snacks increased by 30% between 1977 and 1996, with large changes occurring both between 1977 and 1989 and between 1989 and 1996 (Table II) . The mean number of snacks per day increased by 24% to 32% (approximately 0.4 snacking events per day) depending on age group, with the major change occurring in the 1989 to 1996 period. Overall, the energy per snack increased only 3%, and the quantity in grams increased only 1%.
Nutritional Impact of Shifts in Snacking Behavior
The contribution of non-snack meals and snacks to total daily energy intake is shown in Fig 2. The total energy intake overall and within each age group increased from 1977 to 1996. Overall, snacks contributed approximately one fifth of energy intake in 1977, increasing to approximately one fourth of energy intake by 1996. The 1989 percent energy from snacks values fell midway between the 1977 and 1996 values in all age groups. In every period examined, the 12-to 18-year olds derived the highest proportion of calories from snacks.
Although total average fat intake de- creased for all age groups between 1977 and 1996 (there were small increases from 1989 to 1996 among 2-to 5-year-olds and 12-to 18-year-olds), the absolute and relative proportions of fat from snacks show an increasing trend over the periods covered (Fig 3) . The largest increase in the proportion of fat consumed as a snack occurred among the 2 younger age groups, with a smaller but statistically significant increase among 12-to 18-year-olds.
Micronutrient Contribution of Snacks Compared with Meals
Table III presents mean nutrient intake from snacks and meals in each survey year by age group. Regardless of age, snacks were more energy dense than meals, and the energy density of snacks increased significantly over time, whereas for meals it remained stable (Table III) . The increase in the energy density of snacks over all age groups was 0.14, equal to 0.2 kcal/g of food. Fat density of meals decreased significantly for all age groups, whereas the fat density of snacks did not change for 2-to 5-year-olds or 6-to 11-year-olds. Calcium is of concern because of the rapid displacement of milk with sweetened beverages. 13 These data indicate a decline in calcium density in snacks and meals during the past 20 years for all age groups. This decline is greater in magnitude in snacks than in meals. Iron density has increased significantly in both snacks and meals for all age groups, although snacks are still less iron-dense than meals. Although zinc density of snacks is only approximately half that of meals, there has been a decrease in zinc density in meals for all age groups. However, among 2-to 5-year-olds, the zinc density of snacks increased. Fiber increased in meals while remaining fairly stable in snacks throughout the years. Folate density of snacks and meals increased in 1989 but then declined in 1996.
Several other nutrients were examined but not reported. Sodium and niacin increased in snacks for all age groups over time. Also, thiamin and polyunsaturated fat increased in snacks eaten by 2-to 5-year-olds and 6-to 11-year-olds, whereas vitamin B 6 remained stable in snacks eaten by 6-to 11-year-olds. Vitamin C and monounsaturated fats also increased in snacks eaten by 2-to 5-year-olds. Saturated fat, cholesterol, B 12 , riboflavin, and phosphorus declined in all age groups' snacks, whereas protein, magnesium, and potassium decreased in snacks consumed by 6-to 11-yearolds. For all age groups, there was no change in vitamin A, vitamin E, carotene, or copper obtained from snacks.
DISCUSSION
This study presents a picture of an important increase in the prevalence and dietary contribution of snacking in the diets of US children. Currently, snacking represents approximately a fourth of the energy and a fifth of many other nutrients, similar to any other meal occasion. The increase in nutrient contribution is primarily caused by an increase in the frequency of snacking and not the size of each snack. Moreover, energy density is much higher for snacks than the non-snacking component of the diet, a component that has increased dramatically between 1977 and 1996 (approximately .14 to .20 kcal/g more).
Given the public health concern of increasing child obesity rates, there are several interesting issues raised by this analysis. Supersizing of portions is raised as one of the causes of the excess dietary intake of the American public. These data showed no significant
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Fiber Folate (mg/1000 kcal) g/1000 kcal (µg/1000 kcal) VOLUME 138, NUMBER 4 changes in the reported size of snacks consumed over the last 20 years. In fact, the size of the average snack consumed remained almost constant between 1977 and 1996. What does emerge as a potential contributor is the increased energy density of snacks amid a constant energy density of meals. Energy density is a critical element in overconsumption. [14] [15] [16] Some link increased energy density with less satiety per gram of food intake and hence with passive overconsumption and increased obesity. [15] [16] [17] The potential limitations of this study include bias in unknown directions by changes in survey methods throughout the periods surveyed. The nonlinearity of the decrease in fat intake shown in Fig 3 may be an artifact of improved probing methods, as may be the increase in the number of snacks. However, no studies have explored the effect of these methodologic changes on nutrient estimates in the CSFII surveys. In addition to changes in survey methodology, real changes in the food supply occur, and therefore the composition of the nutrient databases is critical for detecting changes. Each survey used its own United States Department of Agriculture nutrient database. However, we have created a way to link food codes from previous surveys and then apply values from the 1994 United States Dietary Association nutrient database to the 1977 and 1989 surveys. The 1994-96 survey uses an updated database for each year of collection (1994, 1995, and 1996 ), but we believe that fewer changes occurred between 1994 and 1996 than between 1977 and 1996. Real changes in the food supply will not be captured by this method, and trends may be over-or underestimated. In weighing the advantages and disadvantages of using different nutrient databases, we concluded that using the 1994 nutrient data provides a conservative measure of some of the nutrient trends in food (eg, fat) and allows for the examination of trends in several nutrients (eg, fiber) that would not have been possible otherwise. Another issue pertains to the number of days of data collection. In the first 2 surveys, 3 days of data were used to identify snackers, whereas in 1994-96 only 2 days were used. In 1977 and 1989 only approximately 4% of the subjects snacked only on the third day of data collection. It was our decision to err on the conservative side and include all days of intake. Our measurement of a snacking occasion is a more conservative one than others have used. In this study all self-defined snack foods consumed within a 15-minute span were grouped to represent one snacking occasion, whereas other researchers have counted each snack food eaten at a unique time interval as a snacking occasion. 6, 7 There is also a difference in how snacks are defined. Time of day, type of food, and foods not linked with a meal have been used to define a snack. 8, [18] [19] [20] [21] To date, there is no consensus in the literature as to how to define what constitutes a meal or a snack.
It is clear that there is an increase in the role of snacking and a strong possibility that snacking has contributed to the epidemic of obesity in US children. Longitudinal studies are required to examine this potential pathway. Meanwhile, there is a need in the food supply for less energy dense and more healthful snacks that are appealing to children.
Fig 3.
Contribution of snacking to total daily fat intake by year and age group for participants in CSFII surveys. Number above bar represents total fat intake (in grams). Hatched bars, Fat from meals; solid bars, fat from snacks.
